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Abstract
A search for single top quark production through ﬂavor-changing neutral currents at an anomalous tqγ vertex
is performed in proton-proton collisions at a center-of-mass energy of 8 TeV. The analysis is based on a dataset
corresponding to an integrated luminosity of 19.1 fb−1 collected with the CMS detector. The search is performed on
events with one isolated photon, one muon and jets in the ﬁnal state. No evidence for a signal is observed. The upper
limits on the branching fractions involving vertices with a top quark, a photon, and an up-quark or charm-quark are
determined to be BR(t → u(c)γ) < 0.0161(0.182)%.
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1. Introduction
Top quark FCNC interactions are highly suppressed
in the Standard Model (SM) by the GIM mechanism
(e.g BR(t → uγ) < 10−16) [1]. In some new physics
models, a huge enhancement of top quark FCNC cou-
plings with an up-type quark and a photon is predicted.
Such couplings can be parametrized in a model inde-
pendent eﬀective Lagrangian [2]:
Le f f = −eQtu¯ iσ
μνqν
Λ
(κLtuγPL + κ
R
tuγPR)tAμ (1)
−eQtc¯ iσ
μνqν
Λ
(κLtcγPL + κ
R
tcγPR)tAμ + h.c.
Where κL,Rtuγ and κ
L,R
tcγ represent the strength of tuγ and tcγ
anomalous couplings for a left or right handed chirality.
The scale Λ is an eﬀective cut-oﬀ which conventionally
is set to be 172.5 GeV, equal to the top quark mass.
In this report, we review a search for the FCNC-
induced anomalous couplings of the type tuγ and tcγ
performed with fb−1 of data collected from 8 TeV pp
collissions with the CMS detector [3].
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Figure 1: Leading order Feynman diagram for single top quark pro-
duction via ﬂavor-changing neutral current at the LHC.
2. Signal and background modelling
The existence of the anomalous tqγ interactions can
lead to the production of a single top quark in associa-
tion with a photon. One of the representative tree level
Feynman diagrams is shown in ﬁgure 1. Considering
muonic decays of the W boson from top quark decays,
the presence of a b-jet, a muon and missing transverse
energy (MET) and high PT photon characterize the sig-
nal signatures.
Separate signal samples for tuγ and tcγ are generated
with the PROTOS event generator [4].
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Figure 2: The BDT output distribution for data, all backgrounds, and tγu (left) and tγc (right). The W+γ+jets and W+jets contributions are
estimated from data. The tuγ and tcγ signal samples are normalized to a cross section of 1 pb. The uncertainty band include both the statistical and
systematic uncertainties.
SM backgrounds are categorized with respect to the
detected photon in the ﬁnal state, into those which have
a real prompt photon in ﬁnal states which are Wγ+ jets,
Zγ+ jets, single top + γ, tt¯γ, WWγ, γ+ jets and those in
which a jet is misidentiﬁed as a photon including Single
top, tt¯, WW, WZ, ZZ, W + jets, Z + jets.
3. Object identiﬁcation and event selection
Events are preselected by the CMS high level trig-
ger requiring at least one muon with PT > 24 GeV and
|η| < 2.1. The particle-ﬂow algorithm is used for the re-
construction of the all particle candidates [5]. This anal-
ysis relies on the reconstruction of photon, electrons,
muons, jets and missing transverse energy. Photon can-
didates are reconstructed as Super-clusters in the elec-
tromagnetic calorimeter (ECAL). The inner tracker in-
formation is combined with clusters in the ECAL and
tracks from the outer muon detector to reconstruct elec-
trons and muons, respectively. The anti-KT algorithm
is used for the jet reconstruction [6]. In order to iden-
tify jets originating from b quarks, combined secondary
vertex (CSV) algorithm is used [7].
Events are selected if they contain exactly one well
isolated photon with PT > 50 GeV and |η| < 2.5
(1.442 < |η| < 1.566 is excluded) and contain exactly
one isolated muon with PT > 26 GeV and |η| < 2.1.
Events with an additional muon or electron with loose
isolation criteria are vetoed. In order to reduce contri-
bution of tt¯, events with two or more b-jets are rejected.
Missing transverse energy is required to be more than
30 GeV. ΔR(l, γ) and ΔR(b − jet, γ) are required to be
greater than 0.7 to decrease the contribution of radiated
photons from high PT muon or quarks. Finally, a win-
dow is deﬁned around the reconstructed top mass (130
GeV< mtop <220 GeV) to increase the signal to back-
ground ratio.
4. Background estimation and signal extraction
The contributions of events with a non-prompt pho-
ton are not well described by the simulation. A data-
driven method is used to estimate the contribution from
W + jets which forms the main background as jets can
be misidentiﬁed as photons. A control region is deﬁned
by reversing the cut on the shower width of the super-
cluster and requiring zero b-jets. These requirements
lead to a pure region enriched withW+ jets events called
W + jets control region. The contribution from signal
events is negligible and the contamination of other SM
backgrounds is treated as a systematic uncertainty. Data
events in the W+ jets control region are used as W+ jets
events in all parts of the analysis. In addition to the
shape of the W + jets background, we need to estimate
its normalization in our signal region. The distribution
of the cos(W, γ) variable behaves diﬀerently forW+ jets,
Wγ+ jets and the sum of other SM backgrounds. A tem-
plate ﬁt is done to the cos(W, γ) distribution to determine
the normalization of W+ jets, Wγ+ jets simultaneously.
A multivariate classiﬁcation approach is chosen to
achieve a powerful discriminant between signal events
and SM backgrounds. A boosted decision tree (BDT) is
constructed and trained using tqγ events for modelling
the signal and the sum of Wγ + jets, tt¯ and diboson
events for the modelling of the background. The cho-
sen group of variables exploits photon, b-jet and muon
transverse momentum, ΔR(μ, γ), ΔR(b − jet, γ), CSV
discriminant value for the b-tagged jet, jet multiplicity
and cos(top, γ).
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The BDT output shape of Wγ + jets which is an im-
portant irreducible SM background in this analysis is
estimated from data. The contribution of other back-
grounds except Wγ+ jets is subtracted from data outside
of the top mass window to ﬁnd the BDT output shape of
Wγ + jets in the signal region.
5. Results
The ﬁnal BDT output for the tuγ and tcγ signal is
shown in ﬁgure 2. The signal BDT output distribution
is well separated from the background distribution and
the data points are well described by the SM predic-
tion. There is no clear evidence for the signal. 95%
conﬁdence level (C.L.) upper limits are set on the sig-
nal cross section using binned maximum likelihood ﬁt
to the BDT output distributions.
The upper limit is aﬀected by several sources of sys-
tematic uncertainties which can change either the sig-
nal and background yields, or the shape of their BDT
discriminator distributions, or both. The systematic un-
certainties with instrumental (jet energy scale and res-
olution, lepton and photon isolation and identiﬁcation,
b-tagging eﬃciencies and pile-up), theoretical (renor-
malisation and factorisation scales and PDFs) and data
driven background modelling sources are considered in
this analysis. In the limit-setting process, the systematic
uncertainties are treated as nuisance parameters.
The next-to-leading order QCD corrections of the sig-
nal can enhance the signal cross section [8]. The results
are summarized in table 1. The obtained limits on the
signal cross sections are translated into upper bounds
on FCNC anomalous couplings and related top quark
branching ratios.
Figure 3 shows the theoretical curve and the 95%
C.L. upper limits in the (κtuγ, Br(t → uγ)) plane ob-
tained by this analysis. The ﬁlled areas correspond to
the excluded region. The upper limits obtained by the
DELPHI, ZEUS, H1 and CDF collaborations are also
shown in the ﬁgure for comparison [3, 9, 10, 11, 12].
6. Conclusions
A search for anomalous tuγ and tcγ FCNC interac-
tion through the production of a single top quark and
a photon in pp collision data at
√
s = 8 TeV has been
presented. No deviation from the SM prediction is ob-
served and upper limits are placed on the anomalous
couplings. The obtained upper bounds are the most
stringent limits to date.
Table 1: The observed and expected 95% exclusion limits on the sig-
nal cross section, anomalous couplings, and branching ratios with
and without including the QCD higher order corrections on the sig-
nal cross section.
Exp. limit (LO) Obs. limit (LO)
σtuγ × Br(W → lνl) 0.0404 pb 0.0234 pb
σtcγ × Br(W → lνl) 0.0411 pb 0.0281 pb
κtuγ 0.0367 0.0279
κtcγ 0.113 0.094
Br(t → uγ) 0.0279% 0.0161%
Br(t → cγ) 0.261% 0.182%
Exp. limit (NLO) Obs. limit (NLO)
σtuγ × Br(W → lνl) 0.0408 pb 0.0217 pb
σtcγ × Br(W → lνl) 0.0410 pb 0.0279 pb
κtuγ 0.0315 0.0229
κtcγ 0.0790 0.0652
Br(t → uγ) 0.0205% 0.0108%
Br(t → cγ) 0.193% 0.132%
Figure 3: The observed 95% CL upper limit on theBR(t → uγ) versus
the strength of the anomalous coupling κtuγ for the LEP, ZEUS, H1,
CDF and CMS collaborations [3, 9, 10, 11, 12].
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